ABSTRACT: Euphorbia davidii Subils (Euphorbiaceae) or toothed spurge is a plant native to North America, but in Europe it is an alien weed. The populations of this weed were recorded in the Province of Vojvodina (Serbia) for the first time in 2007 in the arable fields in two localities: between the villages of Aleksa Šantić and Pačir and also between the villages of Pačir and Đurđin. There were no previous published data about the occurrence of this species in Serbia, nor about management measures in crops to suppress this agricultural invader. In this paper, we present experiences with several herbicide treatments applied to suppress populations of toothed spurge from the crop fields in Serbia during the last six years. The most effective was treatment with a high concentration of glyphosate in the early phases of toothed spurge growing. The populations of this invasive weed spread and formed more or less dense patches in the crop field, the area of distribution increased from 3 ha to 7 ha. Observations and experiences with treatments suggest that Euphorbia davidii, as an invasive plant, has significant impact on crop fields, therefore further investigation of suppression measures and monitoring of its population is needed.
INTRODUCTION
Introduction and naturalization of new plant species are taking place worldwide and the number of alien plant species being introduced is steadily increasing [Weber and Schrade 2006] . Some of the introduced alien plants have become invasive weeds. Early confirmation and subsequent containment of new weed threats are required to substantially reduce their long-term costs of impact and control [Virtue 1996] . Measures towards mitigating the problems associated with new weeds include regular monitoring and risk assessments [Weber and Schrade 2006] .
Euphorbia davidii Subils (Euphorbiaceae), toothed spurge is a relatively new alien in Europe's flora. It is native to North Mexico, USA, Canada, but introduced to South America (Argentina), Australia and Europe [Geltman 2012 ]. The data from European studies and herbarium materials about known populations of E. davidii in Russia, Ukraine, Moldavia, Romania, Bulgaria, Hungary, Italy, Belgium, Switzerland and France were summarised by Barina et al. [2013] .
Euphorbia davidii is an annual plant ( Fig. 1) , 20-50 cm tall, stem is oppositely branched, pubescent, with two layers of hairs: upper with sparse, more or less patent longer hairs and lower which is denser with shorter hairs. Leaves are opposite, petiolate; the lamina is up to 6(-8) cm long, lanceolate to elliptical, sometimes red-spotted; the base is attenuate; the margin is crenateserrate; the apex is acute to acuminate, hairy on both surfaces; the hairs have a wide basal cell. Inflorescence is terminal; cyathia app. 2.5 mm long, bracteoles inside cyathium with non-glandular lacinia; staminate flowers up to 15 per cyathium; pistillate flower exceeding cyathia, the ovary usually glabrous, the stigma two-lobed; capsule glabrous; seeds a little longer than wide, on cross section tetragonal, on its surface there are relatively few irregularly formed tubercula, with a large yellow reniform caruncle [Geltman 2012; Oprea et al., 2012; Barina et al., 2013] (Fig 1) . There were no previous published data about the occurrence of this species in Serbia [Vrbničanin et al., 2004; Anačkov et al., 2013] . Very little is known about management measures in crops to suppress this agricultural invader [Stoorie and Cook 1996] . In this paper, we present results of empirical studies of treatments by different herbicide applied to suppress populations of the toothed spurge in crop fields in Serbia during the last six years.
MATERIAL AND METHODS
The distribution map of E. davidii in Serbia was made using the Universal Transverse Mercator (UTM) 10x10 km grid system [Survey 1973] . From 2007, when the toothed spurge was first recorded in Serbia, to 2013 different herbicides were applied, depending on crop. In maize fields: isoxaflutole + cyprosulfamide; isoxaflutole + acetochlor; nicosulfuron + prosulfuron; tembotrione + isoxadifen-etil; foramsulphurone + isoxadifen-etyl; and foramsulfuron + isoxadifen-etyl + iodosulfuron-methyl-sodium were applied. In sunflower fields: flurochloridone; acetochlor + terbutylazine and fluazifop-p-butyl. After winter wheat harvest and the occurence of toothed spurge in wheat stubble in summer, there was an attempt of suppression with glyphosate (3.5 l/ha). On the edge of a maize field, a high concentration of glyphosate (2 liter glyphosate in 1 liter of water) was applied using hand-held sprayer. Herbicide effects were visually assessed using 0 (no effect) to 5 (total death) rating system [McMillan and Cook 1992; Stoorie and Cook 1996] .
RESULTS
Distribution of Euphorbia davidii in Serbia was first recorded in 2007, in crop fields in Vojvodina (Serbia), between the villages of Aleksa Šantić and Pačir (CR78 according to 10x10 km UTM) (Map 1). Populations of this plant were also recorded between the villages of Pačir and Đurđin (CR88), approx. 10-12 km from the first location. The populations were distributed in several scattered small patches on a total area of c. 3 ha. In the last six years up to 2013, the area of distribution of toothed spurge was c. 7 ha and the abundance of species also increased (Fig. 2) . According to farmers' experience, row cultivation and herbicide treatments generally applied against other common weeds were unsuccessful in suppression of the toothed spurge. According to visual assessments performed one week and one month after treatment, several applied herbicide had no visible effect on the toothed spurge plants (Tab. 1). The most effective (2-3 on the rating scale) was treatment with high concentration of glyphosate (2 litre glyhosate in a 1 litre of water), applied using a hand-held sprayer, which caused black spots on toothed spurge leaves. Nevertheless, these weed plants were not killed by this herbicide. According to observations the populations of Euphorbia davidii probably had some effect on different crops: in field patches with dense populations of toothed spurge maize plants were smaller and maize ears were also smaller. Sunflower ripened approx. 15-20 days earlier than plants in the same field without toothed spurge and sunflower heads were much smaller. There is no evidence for these observations because experimental studies and measurements of crop plants were not performed yet. Further survey is needed to measure the potential impact of this weed on different crops.
Invasiveness of toothed spurge in Serbia can be assessed according to the fact that during the six years observations of populations of this species, which easily spread and formed more or less dense patches in the crop fields (Fig. 1) , the area of distribution more than doubled. The majority of the weed populations were destroyed by row cultivation. Nevertheless, a lot of individuals remained between crops and are spreading further. DISCUSSION E. davidii has been discovered in Serbia, but the origin of this introduction is unknown. It has also been introduced to other European countries, spreading mainly along railways. However, the species which can also invade agricultural fields was probably introduced by crop seeds imported from North America [Geltman 2012; Barina et al., 2013] . Most populations of toothed spurge in Europe are small, but due to its wide distribution, the growing number of recently established populations, and its invasive ability, special attention should be paid to changes in distribution and population sizes in Europe. Toothed spurge is a weed of onions and cereals in southern Russia and Uzbekistan [Kudryavt-seva and Chernetsova 1993] . In Russia and Ukraine this species is on the list of quarantine weeds [Vladimirov and Petrova 2009] . E. davidii was found in Hungary on a single locality in an arable field Pinke et al., 2012] . In France it occurs in agricultural fields, mostly maize or soybean and a rapid assessment indicate that the species present an intermediate risk requiring further observations [Girod and Fried 2011] . The occurrence of the new invasive weed in Serbia also confirms the importance of agricultural fields as potential introduction entrances for biological invasion [Girod and Fried 2011] .
There is no published data about herbicide treatment of toothed spurge in European countries. However, agronomists and farmers should know which herbicides could be used to control it. Thorough survey of herbicide effects had been performed in Australia, where the toothed spurge is of concern because many of the commonly used herbicides, such as glyphosate, had little effect [Stoorie and Cook 1996] . According to herbicide trials applied in Australia good efficacy (not excellent) in toothed spurge control can be expected by applying herbicides in wheat based on metsulfuron-methyl and fluroxypyr-meptyl [Stoorie and Cook 1996] . Some of the active ingredients tested in Australia are not available on the Serbian market, therefore in this article more attention was paid to those herbicides which can be applied in Serbia. In maize fields it can be recommended fluroxypyr-meptyl + terbutylazine, and bromoxynil octanoate + terbutylazine. Paraquat-dichloridee alone or in mixture with terbutyazine is recommended for the stubble. Early application of herbicides on small toothed spurge plants gives better results and their efficiency will be higher [Stoorie and Cook 1996] . CONCLUSION The observations suggest that the distribution and frequency of Euphorbia davidii in Serbia increased during the past six years. It continues spreading and is very likely to become a more troublesome weed than it is at present. This plant has the potential to become a noxious agricultural weed in summer-sown crops. We, therefore, stress the importance of permanent monitoring of this species in Serbia. Only high concentration of glyphosate on stubble was efficient. Further evaluation will be required to refine the effects of herbicides. Weber E, Schrader G (2006) Од тада су проведени бројни покушаји сузбијања ове инвазивне врсте, али је ширење њених популација настављено. У раду је дат морфолошки опис врсте, приложене су и фотографије биљака и карта распрострањења у Србији. Досадашња искуства показала су да већина хербицида које обично примењују за заштиту појединих усева немају никакав утицај на давидијеву млечику. Најбољи, мада слаби резултати у сузбијању овог инвазивног корова постигнути су применом јачих доза глифосата у почетним развојним фазама млечике. С обзиром на инвазив-ни карактер ове врсте и потенцијално значајан утицај на усеве и природна станиш-та, неопходно је стално праћење популација. Потребно је провести и даља систе-матска истраживања на њеном сузбијању, јер су неке хербицидно активне материје показале задовољавајуће резултате када се примене на млечику у најосетљивијим фазама развоја.
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